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(54) NEAR INFRARED RAY ABSORPTION FILM AND MULTI-LAYERED PANEL INCLUDING SAME 



(57) Disclosed is a film or panel having excellent 
near-infrared absorbability or, that is, excellent near- 
infrared shieWabffity, and having a high degree of visible 
ray transmittance and good color tone. 

To produce the near-inlrared-absorbing film or 
panel having good color tone while the near-infrared- 
absorbing dye to be therein is kept stable, the dye and 
the binder resin for the dye are specifically selected, and 
the production method is also specifically selected. In 
addition, for the purpose of producing the film or pane) 
while the dye to be therein is kept stable and for the pur- 
pose of making the film or panel have additional func- 
tions such as electromagnetic radiation absorbability, 
the film or panel is made to have a multi-layered struc- 
ture. 
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Description 
TECHNICAL FIELD 
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10001 J The Present invention relates to an infrared absorbing film which absorb np*r-irrfmr~i ~ ^ JL . 

ZLT^r* as ptema dfep,ays - *** ^ lessees sex; 

through the film thereby preventing remote-control infrared communication ports that employ iS^S^^Z 

or pane, to be used for detecting forged cash cards and ID 43 2X^1 

ing function, generally on a transparent substrata 9 a snape ^ reta ^ 
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msM ™-o«»n,ng phospM, gfcs „»„,. h™,™,, as based „ »» phsnoo^mo) M«tae™*»T£^ 

DISCLOSURE OF THE INVENTION 

near-mfrared-absorbing dye as dispersed in a transparent polymer material solves the drawer** rTZ^ ,! 
fmding. we have completed the present inventionXaddi^ we *SS^ ^ *" 

panel of such a mutfi-layered film or sheet of the in^SSsc^ne d^^JSI^^^^ 5 ^ 

S^^^r t>,May tranSmtenC8 » ^ also a pane, of a muH^ sne^^nj£ X 
S es^a^X^^^^ which 

^^^^ 

ripn Jh7 ■ *" 106 invent,on > '«Svidual dyes are separately sheeted into different films in suitable mrthnrte 

d^end.ng on the.r characteristics, and a plura.Hy of the resuWng tPms are lan.na.ed ,o give a r^/^L o^S 
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in such a manner that the multi-layered film or sheet may exhibit desired color tones in the neaMnfrared-absorbing 
range and the visible- ray range. 

[0007] The invention is descrtoed in detail hereinunder. 
BEST MODES OF CARRYING OUT THE INVENTION 

[0008] The film and the multi-layered sheet panel of the invention are a near-irrfrared-absorbing, single-layered or 
mufti-layered film that comprises an absorbing layer of a nearniifrareoVabsorbing dye as dispersed in a transparent pol- 
ymer resin, and a neaMnfrared-absorbing, multi-layered sheet panel comprising the fflm, respectively. 
[0009] The absorbing layer of a near-infrared-absorbing dye as dispersed in a transparent polymer resin, which is in 
the neaMnfrared-absorbing panel of the invention, may be any of a film as formed from a uniform solution of a near- 
infrared-absorbing dye and a polymer resin in a solvent through casting; a film as formed by applying a uniform solution 
of a near^ infrared-absorbing dye and a polymer resin in a solvent onto a transparent film of polyester, polycarbonate or 
the like through coating; a fflm as formed through melt extrusion of a near-infrared-absorbing dye and a polymer resin; 
a fflm as formed by polymerizing and solidifying a uniform mixture of a neaMnfrared-absorbing dye and a monomer; or 
a film as formed through deposition of a near-infrared-absorbing dye along with a metal, a metal oxide or a metal salt 
on a transparent plastic fflm. Any one or more of these fflm layers may be in the panel, either singly or as combined: 
Specifically, different films of different near-infrared-absorbing dyes are formed in different methods, depending on the 
characteristics of the dyes, and a plurality of those films are laminated together, or the f ilms are used singly. In that man- 
ner, the single-layered or multi-layered films may exhibit any desired color tones in the near-infrared-absorbing range 
and in the visible-ray range, in accordance with their objects. 

[0010] In ordinary hot melt extrusion methods, films are generally formed at high temperatures not lower than 200*0. 
However, the film for the absorbing layer in the near-infrared-absorbing panel of the invention is formed in a casting 
method or a coating method, it may be dried in a mild condition at temperatures not higher than 150°C, at which the 
near-infrared-absorbing dyes used are not thermally decomposed. Therefore, in the method for the invention, even 
dyes having low heat resistance could be used so far as they are uniformly dispersed in ordinary organic solvent 
Accordingly, the invention is advantageous in that the latitude in selecting the usable dyes is broad. 
[0011] In the casting or coating method for forming the films of the invention, used is a transparent polymer resin as 
the binder for the dyes to be in the films. The polymer resin may be any of known transparent plastics including, for 
example, copolyesters, polymethyl methacrylates, polycarbonates, polystyrenes, amorphous polyolefins, porytsocy- 
anates, polyalrylates, triacetylcelluloses, etc. Where it is desired to obtain thin films having a thickness of not larger than 
50 microns and having the intended near-infrared absorbing capabilities, the dyes to be in the films must be dissolved 
in the binder resin to have a high concentration of from 1 to 5 % by weight (relative to the solid content of the resin), 
though depending on their types. However, stable dye solutions having such a high concentration could not be pre^ 
pared, if ordinary binder resins such as polycarbonates, acrylic resins or the Tike are used. Even if the dye could be forc- 
edly dissolved in such a binder resin, the resulting solution is unfavorable as being problematic in that the dye is 
unevenly distr touted therein, or is precipitated to give a solid floating near the surface of the solution, or the solution is 
coagulated. 

[0012] For the purpose of dissolving the dyes to give dyes solutions having such a high concentration, preferred are 
the polyester resins described in the applicant's own JP-A Hei-06-1 84288, Het-6^049186, Hei-07-1 49881, and Hei-08- 
100053. These polyester resins are preferred, as dissolving the dyes for use in the invention to form dye solutions hav- 
ing a high concentration. Accordingly, in the present invention, preferably used are the resins for the purpose of dissofv- 
ing the dyes to give dye solutions having a high concentration. 

[0013] The polyester resins are copolymerized with at least 1 0 mol% of an aromatic dfol of any of the following general 
formulae (4) to (9): 




wherein R, represents an alkylene group having from 2 to 4 carbon atoms; Rg, R3, R 4 and R 5 each represent a hydro- 
gen atom, or an alkyl, aryl or aralkyl group having from 1 to 7 carbon atoms, and these may be the same or different: 
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R 5 -OH 



(5) 



(Rn)k 



15 



wh^ein R 6 represents an alkylene group having from 1 to 4 carbon atoms; R* R & R 9 , R 10 and R t1 each represent a 
rr^en atom, or an alkyl, aryl or aralkyl group having from 1 to 7 carbon atoms, and tnese may bL^^^. 
ent; and k represents a natural number of from 1 to 4: oranTer 



20 



R 14 



25 



(6) 



30 ent 



wherein R 12 represents an alkylene group having from 1 to 4 carbon atoms; R 13 . R 14 , R 15 and R 1R each reoreserrt a 
hydrogen atom, or an alky., aryl or aralky, group having from 1 to 7 carton atorns^tnesl mTy be^sa^Sr 



35 




R2o)fTl 



R 18 OH 



(7) 



40 



TTT 2 7 Z 1® represerrt 30 a>ky«ene group having from 1 to 4 carbon atoms, and these may be the same 
ordrfferent; R 19 and R^ each represent a hydrogen atom, or an alkyl. aryl or aralkyl group having from 1 to 7 carbon 
atoms, and these may be the same or different; and t and m each represent a natural nuXr of SnTto 8 
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HOR 
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R 22 ^26 _ =/ R 2 4 




O R2s 

(R 2 7)n 



(8) 
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wherein R^ represents an alkylene group having from 1 to 4 carbon atoms; R» R™ R,* R,.. R^ and FU, earh r«v. 

^y'T ^ " ™ ^ W <W h»tag tan , to 7 cS^tont'SfttSe^e »e ^ 
or drfferent; and n represents a natural number of from 0 to 5: "ayoeine 
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R 32 R 30 ^34 

10 wherein Ffes represents an alkylene group having from 1 to 4 carbon atoms; Ffeg and R30 each represent an alky! group 
having from 1 to 10 carbon atoms, and these may be the same or different; R3 1r R32. R33 and R34 each represent a 
hydrogen atom, or an alkyl. ary! or aralkyl group having from 1 to 7 carbon atoms, and these may be the same or differ- 
ent 

[0014] The compounds of formula (4) for the polyester polymers for use in the invention include, for example, 9,9-bis- 

15 [4-(2-hydroxyethoxy)pheny[]-fluorene, 9,9-tis-[4-(2-hydroxyethcocy)-3Hro^^ 9,9-bis-[4-(2-hydrox- 
yetrwxy^.S^iimethylphenyq-fhjorene. 9,94>is-[4~(2-hydroxyetho^ 9,94>is-[4-(2-hydrox- 
yethoxy>3.So1ethylphenyO-fluorene. etc. Of those, especially preferred is 9,9iis[4^2-hydroxyethoxy)^ 
as giving polyester polymers having most balanced optical characteristics, heat resistance and shapability. 
[0015} . The compounds of formula (5) for the polyester polymers for use in the invention include, for example, 1,1- 

20 Ws[4~{2-hydroxyethoxy)r^ 1,1 -bis [4-(2-ri>^Qxyethoxy)-3-methylpheny0cyclohexane, 1,1--hs[4-(2-' 

hydroxyethoxy>3,5Kiimethylpheny 1 , 1 -bisl4-(2-h>riroxyetrK)xy^ ^ 9 ^^iAsl4-{2' 

hydroxyetbaxy>3,5^etrr^^ 1 ,1-bis[4-(2-rrydroxyetrK>^^^ 1^-bis[A-{2' 

hydrcxyethoxy>3,5^benzylph etc.; and their derivatives in which from 1 to 4 hydrogens 6f the 

cyclohexane group are substituted with any of alkyl, aryl and aralkyl groups having from 1 to 7 carbon atoms. Of those, 

25 preferred is 1,1-bis[4-(2-hydroxyethoxy)phenyrjcycIohexana 

[001 6] The compounds of formula (6) for the polyester polymers for use in the invention include, for example, bis-[4- 
(2-hydroxyethoxy)pheny0-sulfone, bis-[4-(2-hydroxyemoxy)^^ bis-[4-(2-riydroxyethoxy)-3,5- 
cHmethylphenyrj-sulfone, bis-[4-(2-hydroxyethoxy)-3-ethylphenyq-sulfone, brs-[4-(2-hydro>cyethoxy)-3,5KfiemylphenyO^ 
suHbne, bis-[4^2-h>draxyethoxy)-3-prcpylphenyi}-suKone, bis-[4-(2-rrydroxyethoxy^ bis^4- 

30 (24iydroxYetrioxy)-3-isoprop>^ etc 

[0017] The compounds of formula (7) for the polyester polymers for use in the invention include, for example, tricy- 
clcxiecanedimethylol, tricyclodecanediethylol, tricyclodecanedipropylol, tricydodecaneoTbutylol, dimethyltncyclodecan- 
edimethylol, olethyltrk^clodecanedimetrVtol, diphenyltricydodecanedimethylol, dibenz^tricyclodecanedimethylol, 
tetrametrryltricydo^ hexamethyltrk^odecanedimethylol, CK^methyftricyckxiecanedimethyloi, etc. Of 

35 those, preferred is tricydodecanedimethylol. 

[0018] The dihydroxy compounds of formula (8) for the polyester polymers for use in the invention include, for exam- 
ple, 1 ,1 -bis[4-(2-hydroxyethoxy)phenyl]-1 -pherrylethane, 1 ,1 -bis[4-(2-hydroxyethoxy)^ -phenyl ethane, 
1 , 14)is[4-(2-hydroxyethoxy)-3 > 5KJime%lphenyl]-1 -phenylethane, 1 ,1 -bis[4-(2-hydraxyethoxy)^-eiylphenyI]-1 -phe- 
nylefhane, 1,1-bis[4-(2-hydroxyethoxy)-3,5-dietrrylphenyO-1-D 1»1-to*s[4-(2-hyaYoxyemox^^ 

40 nyTJ-1-phenylethane, 1,1-tts[4-(24iydroxyethoxy)^ eta; and their derivatives in 

which the center carbon atom is substituted by any of alkyl, aryl and aralkyl groups having from 1 to 7 carbon atoms, 
and from 1 to 4 hydrogen atoms of the phenyl group of the side chain are substituted with any of alkyl, aryl and aralkyl 
groups having from 1 to 7 carbon atoms. Of those, preferred is 1 . 1 -bis[4-(2-hydroxyethoxy)phenyl]-1 -phenylethane. 
[0019] The compounds of formula (9) for the polyester polymers for use in the invention include, for example, 2,2- 

45 bis[4-(2-frydrcDcyethoxy^ 2,2-bis[4~(2-hydraxyeth^ 2^4>is[4-<2-rrydroxyethoxy^)he- 

nyQperrtane, 2,2^s[4-{2-hydrcDcyethoxy)pne 2,2-bis[4-{2-hydroxyethoxy)phenyrjhexane, 2^-bi^4- 

(2-hyoYoxyethcocy)phen^ 2,2-bis[4H2-hydi^ethc^^ 2J2^slH2- 

hyo^yethoxy)phenyrjheptane, 2,2-bis[4-(2-riydroxyethoxy)^^ 2^s[4K2-hydrcocyethoxy)phe- 
riyQ4-methylhexane, 2,2-bis[4-(2-riydroxyethox^ 2,2-bis[4-(2-hydroxyethoxy)pherryih3,3- 

so dimethylpentane. 2,2-bis[4-(2-riyaYoxyem^ 2 r 2^is[4-(2-rrydroxyethoxy)phenyrH.4- 
dimethylpentane, 2,2-bis[4-{2-riydraxye^ etc. Of those, especially preferred is 2,2-bis[4-<2- 

hyotaxyethoxy)pher^ since the size of its branched side chain is large to a suitable degree and 

since the solubility in organic solvents of the polymers comprising it is high. In addition, the comonomer does not inter- 
fere with the heat resistance of the polymers comprising it Also preferred is 2,2-bis[4-{2-hydroxyethoxy)pherryI]-pro- 

55 pane, as having excellent heat resistance and mechanical strength. In addition, the comonomer does not interfere with 
the solubility in organic solvents of the polymers comprising ft. 

[0020] The dfol compounds noted above may be employed either singly or as combined. 

[0021 ] Any dicarboxylic acids that are employable for producing ordinary polyester resins may be used for producing 
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the polyester polymers for use in the invention. The dicarboxyBc acids usable herein include, for example, aromatic 
dfoajboxyBc acids such as terephthalic acid, isophthalrc acid, 2,6-naprrthalenedc^rboxyIic acid, 1,8-napbthalenedicar- 
boxylic acid, 1 ,4-naprrthaIenedicarboxyfic acid, 1,2-naphthalenedicarboxylic acid, 1,3-rtaphthalenedicaitx»cyfic acid, 
1.5-riapmhaJenedicarboxyncacid, 1 ,6-naphthalenedicarboxylic acid, 1 ,7-naphthalenedlcarboxyRc acid. 2,3-naphthalerv 

5 edicarboxyiic acid, 2,7-naphthaleneolcajboxylic acid, 2,2*-biphenyldKStfboxyfic acid, 3,3*-biphenykiicarbaxylic acid, 4,4'- 
bfcheiiykJicarboxylic acid, etc.; aliphatic dicarboxyBc acids such as rhalonic acid, succinic ackJ, glutaric acid, adipic acid, 
pimelic acid, suberic acid, azelaic acid, rnethylmalonic acid, ethytmalonic acid, methylsuccinic acid, 2,2rdimethylsuc- 
cinic acid, 2,3-dimethylsuccinic acid, 3-methy»gIutaric acid, 3,3-dimethylglutaric acid, etc.; alicyclic dicarboxyRc acids 
such as 1,4-cyctohexanedicarboxyBc acid, 2,5<fimethyl-1,4Kydohexanedicarboxylic acid, 2,3,5,6^tetramethyl-1,4- 

to cyclobexanecficarboxyfic acid, etc. For the polymers that are required to have high heat resistance, especially preferred 
is 2,e-naphthalenetfKaibcocylic acid; and tor those that are required to have good shapability, preferred is terephthalic 
acid. The dicarboxylic acids noted above can be employed herein either singly or as combined. 
[0022] The polyester polymers for use in the invention can be produced in any known method of, for example, melt 
polymerization such as interesterif ication or direct polymerization, or of solution pdycondensation, interfacial porymer- 

is ization or the like. For the production, the reaction conditions including those tor polymerization catalysts to be used 
may be any ordinary ones, for which any ordinary methods are employable. 

[0023] Where the polyester polymers for use in the invention are produced through melt polymerization for interest- 
erification, at least one or more compounds of the group of formulae (4) to (9) are used as comonomers, in which, pref- 
erably, the total amount of the dihydroxy compounds used is from 10 to 95 mol% of the diol component used. Where 

20 the total amount of the dihydroxy compounds is not smaller than 10 mol%, the solubility in organic solvents of the pol- 
ymers produced could be high. Where it is not larger than 95 rnol%, the melt polymerization is easy and the molecular 
weight of the polyester polymers to be produced can be wen controlled to fall within a desired ranga However, even if 
the total amount of the dihydroxy compounds used is larger than 95 mol%, the monomers could well be polymerized 
through solution polymerization or interfacial polymerization within a shortened period of time. 

25 [0024] As the solvent for dissolving the resin and the dye in the invention, employable is any and every organic solvent 
of which the boiling point is acceptable in practical use, for example, it is not higher than 1 50°C. Popular solvents usable 
in the invention include, for example, aliphatic halides such as chloroform, methylene chloride, dicWoromethane, cfichlo- 
roethane. etc.; and non-halogen organic solvents such as toluene, xylene, hexane, methyl ethyl ketone, acetone, 
cycfohexane, etc. 

30 [0025] For dissolving the resin and the dye in the invention, employed are any ordinary stirrers and kneaders. Where 
high-concentration solutions are prepared/butterfly mixers or planetary mixers may be employed, which, however, are 
not whatsoever fimitativa 

[0026] Where the film of the invention is produced from the solution having been prepared in the manner noted above, 
preferably employed is a casting or coating method. In the casting method, the solution is cast onto a glass sheet or a 
35 mirror-finished metal sheet, then spread on the surface of the sheet with a rod having grooves at regular intervals ther- 
eon, and then dried, and thereafter the film formed on the sheet is peeled off in any desired manner. Thus is obtained 
the intended finished fBra Needless-to-say, the method may be automatically machined to obtain the f Dm, for example, 
by using an ordinary casting machine. 

[0027] In the coating method, in general, a film or panel is coated with the solution having been prepared in the man- 

40 ner noted above, which is then dried to form a film layer thereon. For example, where a transparent or other functional 
film is coated with the solution, any ordinary coating machine is employabia Using the machine, the fDm to be coated 
is moved at a speed of from a few meters/rniri to tens metersArrin, while the solution is extruded through a T-die onto 
the moving film, and the thus-coated film is dried in the next drying zone where the solvent is removed, and thereafter 
the thus-dried film is wound up. In the machine, the series of this coating process is completed automatically. 

95 [0028] The absorbing layer to be in the near-infrared-absorbing panel of the invention may be formed through melt 
extrusion, which has the advantage of easiness and inexpensiveness in forming the layer. In this case, \n general, the 
resin and the dye are fed into a single-screw or double-screw kneader via a feeder, melted and kneaded therein at a 
predetermined temperature, generally at around 300°C, and then extruded out through a T-die to give a film. Needless- 
to-say, the invention is not limited to the general mert extrusion. 

so [0029] As the absorbing layer to be in the near-infrared-absorbing panel of the invention, also employable is afflm 
formed through polymerization and solidification. As monomers in this case, usable are any known vinyl compounds 
such as styrene, butadiene, isoprene. methyl acrylate. etc. The dye may be previously kneaded with the monomers 
along with ah initiator to give a uniform liquid mtxtura The dye^ontaining monomer mixture is cast into a frame made 
of sheet glass or the like, and is heated or is exposed to ultraviolet rays, whereby the monomers are polymerized. 

* [0030] Accordingly, for example, where dyes having poor heat resistance are used in forming the absorbing layer to 
be in the near-infrared-absorbing panel of the invention, the film of the layer may be formed according to the casting 
method; where those having poor dispersibifity are used, the film of the layer may be formed according to the method 
of polymerization followed by solidification; and where any other dyes are used, the film of the layer may be formed 
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according to the melt extrusion method. A plurality of the films thus produced may be laminated to form the panel of the 
invention, in which, therefore, any desired dyes can be used for forming the individual films with no runrtatioa The dye 
density of each film layer can be separately controlled, and the color tone of the panel constituting the plural f 3m layers 
may be any desired one. 

5 [0031 ] The especially important characteristics of near-infrared-absorbing panels are the absorbability for near-infra- 
red rays, concretely those falling within a wavelength range of from 850 nm to 1200 nm, the transmittance for visible 
rays, concretely those falling within a wavelength range of from 400 nm to 800 nm, and the color tona 
[0032] Of those characteristics, the near-infrared absorbability is the most important In some uses, however, the 
other two characteristics are extremely important For example, for near-infrared-absorbirtg panels which are for 

10 absorbing near-infrared rays from image output devices, thereby preventing the malfunction of remote controllers that 
operate in a near-infrared range, not only the transmittance within a visible ray range but also the color tone is extremely 
important especially when they are used for color image output devices. Specifically, the color difference in full color 
must be minimized as much as possible in the panels. Concretely, the panel must have gray or brown color tone. In that 
case, plural dyes must be delicately combined to produce the intended color tone of the panels. 

15 [0033] For producing near-infrared-absorbing panels according to conventional techniques, employed was a method 
of kneading a transparent polymer resin and a near-infrared absorbing dye followed by extruding the resulting mixture 
into a sheet through hot melt extrusion, or a method of polymerizing monomers along with a near-infrared dya In those 
conventional methods, however, only dyes which are not decomposed under heat could be used, and the latitude in 
selecting the desired dyes is nanow. In those, therefore, it is extremely difficult to obtain panels having the characterise 

20 tics noted abova 

[0034] As opposed to those produced according to the conventional methods, the near-infrared-absorbing panels of 
the invention are advantageous in that they can use the films formed in a casting or coating method, in which even dyes 
having poor heat resistance can be used. Therefore, for the panels of the invention, the latitude in selecting the desired 
dyes is broad. 

25 [0035] Any and every dye having near-infrared absorbability is usable in forming the absorbing layer to be in the near- 
infrared-absorbing panel of the invention. For example, the dyes usable in the invention include pofymethine dyes (cya- 
nine dyes), phthalocyanine dyes, naphthalocyanine dyes, dithiol-metaJ complex dyes, naphthoquinone dyes, anthroqui- 
none dyes, triphenylmethane dyes, aminium (or aluminium) dyes, di-immonium dyes, etc. 

[0036] Of those, preferably combined are at least two or more of three different types of dyes, aromatic dithiol-metal 
30 complexes or a general formula (1): 



35 




45 wherein R 1 and Ffe each represent an alkylene group having from 1 to 4 carbon atoms, an aryl group, an araJkyl 
group, a fluorine atom or a hydrogen atom; and M represents a tetradentate transition metal, 

aromatic di-immonium compounds of general formula (2) or (3): 

so 

55 
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20 



25 



30 



35 



40 



45 



wherein H A to R 8 each represent an alkyl group having from 1 to 10 carbon atoms; and X represents a monovalent 
anion, 



RD 18 



R D 




(3) 



X or 2 X 



wherein Bi to R 8 each represent an alkyl group having from 1 to 10 carbon atoms; and X represents a monovalent 
anion. 



and phthalocyanine dyes. The combination is one novel aspect of the invention. 

[0037] The aromatic dthioJ-metat complexes noted above include, for example, nickel bis-1£-diphenyM,2-ethene- 
dithiolate, and Hs derivatives in which one hydrogen of the two aromatic rings is substituted with a substituent of any of 
an alkylene group having from 1 to 4 carbon atoms, an aryl group, an aralkyl group or a Ituorine atom. Concretely men- 
so tioned are compounds of the toDowbg chemical formulae (1 0) and (1 1), which, however, are not whatsoever Brretativa 
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5 



10 



15 



20 



25 




(10) 



(11) 



3® [0038] In addition, ionized derivatives of the compounds noted above, such as a compound of the following chemical 
formula (12). are also employable- Needless-to-say, those compounds specifically mentioned herein are not limitative. 
In the ionized compounds, the counter ion may be any and every monovalent cation except tetrabutylammonrum ion 
used in the chemical formula (12). For example, the cations descrfoed in literature. "Development of Functional Dyes, 
and Market Trends* (by CMC Publishing) are acceptable. 

35 



AO 



45 




50 



[0039] In place of the metallic nickel, any and every tetravalent transition metal is employable, which includes, for 
55 example, titanium, vanadium, zirconium, chromium, irorybdenum, ruthenium, osmium, cobalt platinum, palladium, eta 
[0040] The dyes strongly absorb the rays falling within a wavelength range of from 850 to 900 nanometers (nm) f As 
cutting off near-infrared rays that are applied to remote controllers, eta, the dyes are effective for preventing remote 
controllers from malfunctioning. When laminated with an electromagnetic radiation-absorbing layer of so-called low- 
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radiation glass, ITO or IXO, which wiB be described in detail hereinunder, to produce mufti-layered panels, the dye layer 
in the panels produced more effectively cuts off near-infrared rays. 
[0041 ] The aromatic dHrnrrioniurn compounds of formulae (2) and (3): 



10 



15 




55 wherein R t to R 8 each represent an alkyl group having from 1 to 1 0 carbon atoms; and X represents a monovalent 
anion, 



30 



35 



AO 



R D 



18 



RD 



15 




R D 



14 



(3) 



45 

wherein R 1 to R a each represent an alkyl group having from 1 to 10 carbon atoms; and X represents a monovalent 
anion, 

include, for example, compounds of the following chemical formulae (13) to (17), which, however, are not whatsoever 
so limitative. Except the hexafluoroantimonate ion in the compounds illustrated, any other monovalent anions are employ- 
able. Preferred examples of the anions include hexafluorophosphate ion, tetraf luoroborate ion, perchlorate ion, etc. 



55 
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N(C 4 Hg) 2 




N(C 4 H 9 ) 2 



2SbF 6 : 



N(C 4 H 9 ) 2 



N(C 4 H 9 ) 2 



N(C 5 Hn)2 




N(C 5 H 11 ) 2 



2"SbF 6 



N(C 5 Hn) 2 
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10 



15 



SO 
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N(C 4 H 9 )2 





N(C 4 K 9 ) 2 



N{C 4 H 9 ) 2 



NI(C 4 H 9 )2 




SbF 6 - 



(15) 



N(C 4 H 9 ) 2 




/=v /° 4H9 

( V=N\ 2SbF 6 



\ 



C 4 H 9 



(16) 



N(C 4 H 9 ) 2 



30 



35 



N(C 4 H 9 ) 2 



40 



45 




N(C 4 H 9 ) 2 



N(C 4 H 9 ) 2 



2 SbF 6 



(17) 



N(C 4 H 9 ) 2 



[0042^ The dyes strongly absorb the rays at around 1000 rm As cutting off not only near-infrared rays that are applied 
to remote controllers and the like but also rays to be applied to computer ccwmunkiation systems which will be widely 
used in future, the dyes are effective for preventing the systems from malfunctioning. When laminated with a meshed 
or etched electromagnetic radiatiorvabscfbrng layer, which will be described in detail hereihunder, to produce multi-lay- 
55 ered panels, the dye layer is more effective. 

[0043] The above-mentioned two types of dyes (aromatic dithiol-metal complexes, and aromatic cTMmmonium com- 
pounds) are especially effective. Where the dyes of those types have the ability to absorb visible rays, they may be com- 
bined with color tone-correcting dyes to modulate the color tone of the panels comprising them As the color tone- 
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correcting dyes for that purpose, effectively used are phthatocyanine dyes. Any and every phthalocyanine dye is 
employable herein, for example, those descrfoed in literature. Development of Functional Dyes, and Market Trends" (by 
CMC). 

[0044] In general/the near-infrared-absorbing, aromatic di-inrimonium dyes mentioned above are unstable to heat 
5 Therefore, if the dye layer is formed through melt extrusion or through polymerization followed by solidification, the dyes 
will be thermally decomposed, resulting in that the near-infrared absorbability of the dye layer will be poor. Accordingly, 
when the dyes are used in the absorbing layer, it is especially desirable that the dye-containing absorbing layer is 
formed in a casting method. 

[0045] For producing the near-infrared-absorbing panel of the invention, previously shaped sheets or films must be 
10 laminated in any suitable method. For the lamination, preferably used is a powerful, transparent polymer adhesive The 
polymer adhesive of that type includes, for example, two-liquid epoxy adhesrves, unsaturated polyester adhesrves, ure- 
thane adhesrves, phenolic resin adhesrves, vinyl resin adhesrves, and acrylic adhesrves. 

[0046] The near-infrared-absorbing panel of such a multi-layered film or sheet of the invention may have only the near- 
infrared-absorbing layer noted above as the layer having a specific function. Preferably, however, the multi-layered film 

15 or sheet of the panel additionally has any other functional layers, such as an electromagnetic radiation-absorbing layer, 
an antiref lection layer, a shape-retaining layer, eta, in addition to the absorbing layer. The electromagnetic radiation- 
absorbing layer is a transparent conductive film, for which preferred are polyester films, glass sheets, acrylic sheets or 
polycarbonate sheets coated with a thin deposit of a metal, metal oxide, metal salt or the like Conductive films having 
a lower sheet resistivity may have higher electromagnetic radiation absorbability, but on the other hand, the thickness 

20 of the metallic deposit layer to be formed on them shall be larger, resulting in that the light transmittance of such thick 
films is lowered. The antireflection layer is to prevent surface reflection on the panel, while increasing the light transmit- 
tance of the panel and preventing the panel from "glaring". 

[0047] In the present invention, preferably used are metal-deposited polyester films, glass sheets, acrylic sheets or 
polycarbonate sheets as the electromagnetic radiation-absorbing layer in the panel, which, however, are not whatso- 

25 ever limitative A film as mesbwise coated with a conductive material through screen-printing or the like may also be 
used as the electromagnetic radiation-absorbing layer. As the case may be, a single, metal-deposited film that acts both 
as the antireflection layer and as- the electromagnetic radiation-absorbing layer may be used. In that case, the metal- 
deposited film is the outermost layer of the panel. The function of the shape-retaining layer is to retain the overall shape 
of the panel in which the near-infrared-absorbing layer has low mechanical strength and could hardly retain its shape 

30 In addition, the shape-retaining layer further acts to increase the heat resistance of the entire panel and to increase the 
abrasion resistance of the surface of the panel. Any transparent resfn or glass is preferably used as the material for the 
shape-retaining layer. In general, preferred are polycarbonates, potyaaylonitri) es> polymethyl methacrylates, polysty- 
renes, and polyesters. Especially preferred are polycarbonates in view of their heat resistance, and polymethyl meth- 
acrylates in view of their transparency and abrasion resistance Glass is also preferred for increasing the mechanical 

35 strength and the heat resistance of the panel. 

[0048] As the electromagnetic radiation-shielding, transparent conductive layer noted above, employable is a so- 
called heat-reflecting glass sheet as prepared by coating a glass substrate with three or more layers of transparent die- 
lectric film/thin metal film/transparent dielectric film through vapor deposition. The glass sheet of that type is widely used 
as exteriors or windowpanes of buildings, and as windshields for cars and aircraft As the transparent dielectrics to be 

40 used in this, preferred are titanium oxide, zirconia oxide, hafnium oxide, bismuth oxide, etc. As the thin metal film, pre- 
ferred are gold, platinum, silver, and copper. In place of the thin metal film, also preferably used is any of titanium nitride, 
zirconia nitride, or hafnium nitride. 

[0049] The electromagnetic radiation-shielding, transparent conductive layer may be further coated with a transpar- 
ent, conductive oxide film. As the oxide for the film, preferably used are fluorine-doped tin oxide, tin-doped diindium tri- 

45 oxide, alurrimurrKJoped zinc oxide, eta 

[0050] Where the metal-deposited layer is used as the electromagnetic radiation-shielding, transparent conductive 
layer, it must be combined with a near-trTfrared-absorbing film suitable to it For example, heat-reflecting glass absorbs 
rays having a wavelength longer than 1200 nanometers. Therefore, the dyes in the near-infrared-absorbing film to be 
combined with the heat-reflecting glass sheet shall absorb rays not falling within the wavelength range of the rays to be 

so absorbed by the heat-reflecting glass sheet Need) ess-to-say, heat-reflecting glass sheets have different absorption 
characteristics, depending on the materials constituting them. Therefore, by controlling the dyes to be combined and 
also their concentration in the near-irifrared-absoibing flm, the f flm must be so modulated as to be suitable to the glass 
sheet to be combined therewith. For this purpose, used are the aromatic dithid-metal complexes of the dyes mentioned 
hereinabove, preferably the aromatic tfthioJ-nickeJ complexes, most preferably nickel bis-1 ,2-diphenyM ,2-ethene-ditht- 

55 olate, or its derivative hi which the hydrogen of the benzene ring is substituted with a fluorine atom or a methyl group. 
For further modulating the color tone of the dye-containing layer, a phthalocyanine dye may be added thereto. 
[0061] Where the electromagnetic radiation-shielding conductive layer has near-infrared-reflecting capabilities and 
where it is combined with a near-infrared-absorbing film of the invention that contains, in a transparent polymer resin. 
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a % by weight, relative to the resin, of a dithiol-meta! complex, b % by weight of a phthalocyanine dye, c % by weight of 
a cfi-immonium dye and d % by weight of an aminium dye, the ranges within which the dyes act effectively are 0.1 £ a 
s 5.0. 0.01 <: b <£ 2.0, 0.1 ^ c ^ 3.0, and 0.01 s* d £ 1 .0, preferably 0.5 £ a <: 2.5, 0.01 £ b £ 2.0, 0.2 <; c <£ 1 .0, and 0.1 <: 
d £ 0.5. Specifically, the dyes to be in the absorbing layer are preferably so formulated that they satisfy the requirement 

5 of 0.81 £a + b + c + d£6.0. The resin mixture comprising the dyes noted above is sheeted into a film of the absorb- 
ing layer through casting, coating, melt extrusion or pdymerizaiioa In the polymerization method, the dyes are added 
to the monomers to be polymerized. If, however, the dyes are formulated under the condition ofa + b + c + d< 0.81 
and the resin mixture comprising them is sheeted into a film, the resulting film has poor near-infrared absorbability 
though it may have a high degree of visible ray transmittance. The film, even if used in near-infrared radiation-shielding 

10 filters, is no more effective and is unfavorable. On the other hand, if the dyes are formulated under the condition of 
a + b + c + d>6.0 and the resin mixture comprising them is sheeted into a film, the resulting film has a low degree of 
visfofe ray transmittance though it may have good near-infrared absorbability. The film is useless in optical filters. 
Regarding these matters, one preferable embodiment is shown in Example 24 mentioned below, and one nonpreferable 
embodiment is in Comparative Example 1 . 

15 [0052] Where the electromagnetic radiation-shielding, transparent conductive layer is a mesh-type one, such as that 
mentioned above, and where it is combined with a near-irrfrared-absorbing film of the invention, the absorption of the 
rays falling within an intended wavelength range must be attained by the dyes only that exist in the absorbing film, since 
the mesh-type layer has no near-infrared absorbability. The same shall apply to the layer not having electromagnetic 
radiation shieldability. As the dyes for that purpose, preferred is a mixture of an aromatic disrnmonium compound and 

20 an aromatic dithiol-meta) complex Like in the above, the aromatic drthiol-metal complex is preferably an aromatic 
dithiol-nickel complex, most preferably nickel bis-1 ,2-diphenyM ,2-ethene-dithiolate, or its derivative in which the hydro- 
gen of the benzene ring is substituted with a fluorine atom or a methyl groupi In the aromatic di-irnmonium compound, 
the counter anion is preferably a hexaflLoroantimonate, hexafluoroarsenate, perchlorate or tetrafluoroborate ion. If 
desired, a phthalocyanine dye may be added to the dye mixture for color modulation. 

25 [0053] Where the electromagnetic radiation-shielding conductive layer does not have nearnnfrared-ref lecting capabil- 
ities, and where it is combined with a near-irrfrared-absorbing of the invention that contains, in a transparent polymer 
resin, a % by weight, relative to the resin, of a dithiol-metal complex, b % by weight of a phthalocyanine dye, c % by 
weight of a di-immonium dye and d % by weight of an aminium dye, as in the above, the preferred ranges for the dyes 
are 0.1 £ a £ 3.0, 0.01 <: b £ 2.0. and 0.1 £ c <; 5.0, more preferably 0.5 ^ a ^ 2.0. 0.1 £ b <; 1 .0, and 1 .0 £ c £ 3^0. Spe- 

30 rificaUy, the dyes to be in the absorbing layer are preferably so formulated that they satisfy the requirement of 
1 .6 <: a + b + c £ 6.0 . The resin mixture comprising the dyes noted above is sheeted into a f 3m of the absorbing layer 
through casting, coating, melt extrusion or polymerization. In the polymerization method, the dyes are added to the 
monomers to be polymerized. If, however, the dyes are formulated under the condition of a + b + c < 1.6 not satisfying 
the requirement noted above and the resin mixture comprising them is sheeted into a film, the resulting film has poor 

35 near-infrared absorbability though it may have a high degree of visfcle ray transmittance. The film, even if used in near- 
infrared radiation-shielding filters, is no more, effective and is unfavorable. On the other hand, if the dyes are formulated 
under the condition of a + b + c> 6.0 and the resin mixture comprising them is sheeted into a film, the resulting film 
has a lew degree of visible ray transmittance though it may have good near-infrared absorbability. The f 3m is useless in 
optical filters. Regarding these matters, one preferable embodiment is shown in Example 25 mentioned below, and one 

40 nonpreferable embodiment is in Comparative Example 3. 

[0054] Embodiments of the present invention are described concretely with reference to Fig. 1 . 
[0055] In Fig. 1 . 1 is an antiref lection layer; 2 is a shape-retaining layer of a transparent resin such as polycarbonate, 
polymethyl methacrylate or the like or of glass; 3 is a transparent conductive layer that acts as an electromagnetic radi- 
aticfhsMekfing layer and also as a near-infrared radiatfoivshieJdfog layer, and this is formed on a polyester film through 

45 vapor deposition, or is directly deposited on a glass sheet 4 is a nearnntrared-absorbing layer of a dye having poor heat 
resistance or a dye having poor dispersibility, and this is formed through coating or casting. 5 is a layer having both 
near-infrared absorbability and shape retainabflrty, and this is formed through melt extrusion or polymerization of mon- 
omers followed by solidification. 

[0056] As illustrated, a plurality of layers having different properties are laminated in different manners mentioned 
so below to form various multi-layered structures of typical embodiments of the invention. However, the invention is not 
whatsoever limited to the illustrated ones, but encompasses any and every cornbination that incSspensabry contains the 
near-infrared- absorbing layer. 

[0057] Fig. 1-A illustrates one embodiment of the invention, in which the antireflection layer 1 is attached to one sur- 
face of the shape-retaining layer 2 of polycarbonate, polymethyl methacrylate. glass or the Dke, while the transparent 
55 conductive layer 3 and the neaj-infrared-absorbing layer 4 are laminated on the other surface of the layer 2 in that order. 
The layer 4 is formed through coating or casting. 

[0058] Fig. 1-B illustrates another embodiment of the invention, in which the antireflection layer 1 is attached to one 
surface of the shape-retaining layer 2 of polycarbonate, polymethyl methacrylate, glass or the Bke, while the transparent 
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conductive layer 3 and the near-infrared-absorbing layer 4 are laminated on the other surface of the layer 2 in that order, 
and in which another shape-retaining 2 of polycarbonate, polymethyl methacrylate, glass or the like is laminated on the 
layer 4. The layer 4 is formed through coating or casting. 

[0059] Rg. 1-C illustrates still another embodiment of the invention, which is a laminate composed of the arrtireflection 
5 layer 1, the transparent conductive layer 3, and the pane! layer 5 having both near-infrared absorbability and shape 
retainability. The layer 5 is formed through meh extrusion or polymerization of monomers followed by soRcfification. 
[0060] The advantages and the novelty of the invention are descrfoed concretely with reference to the following Exam- 
ples. 

[0061] In Examples, the near-infrared absorbability, the visible ray transrrvttarice and the color tone of each sample 
70 produced are measured and evaluated according to the methods mentioned below. 

(1) Near-Infrared Absorbability: 

[0062] Of each panel produced in Examples, the fight transmittance for the wavelength range falling between 900 nm 
75 and 1200 nm was measured, using a spectrophotometer (Best-570, manufactured by Nippon Bunko KK), and the mean 
value, T % was obtained. Rom this, obtained was the near-infrared cut-off percentage (%) of each panel, which ts rep- 
resented by (100 - T). Each panel is evaluated on the basis of the percentage thus obtained. 

(2) Visible Ray Transmittance: 

.20 

[0063] Using the same spectrophotometer as in (1), the mean fight transmittance, tv % for the wavelength range fall- 
ing between 450 nm and 700 nm was measured, which indicates the visible ray transmittance of each panel. 

Example 1: 

25 

[0064] Starting compounds of 0.4 mols of dimethyl terephthalate (DMT), 0.88 mols of ethylene glycol (EG) and 0.28 
mols of 9,9-bis(4-(2-hydroxyestr>Qxy)phenyI)f!ix)rene (BPEF) were polymerized through ordinary meft polymerization to 
give a f foorene copoly ester (DM/BPEF = 3/7, by mol). The copolyester had a limiting viscosity fnj of 0.42, a molecular 
weight Mw of 45,000, and a glass transition point Tg of 140*0. 
30 [0065] Nickel bis-1 ,2-dphenyM ,2-ethene-dithiolate was produced according to a known method (Harry B. Gray, et 
al., J. Am. Chem. Soa , Vol. 88, pp. 43-50, pp. 4870-4875, 1 966), and purified through recrystallization to have a purity 
of not tower than 99 %. 

{0066] The f luorene copolyester was dispersed and dissolved in methylene chloride along with 0.038 % by weight, 
relative to the copolyester, of nickel bis-1,2KJ^enyM,2-ethene-dithioIate, 0.005 % by weight of phthalocyanine dye 
35 (EX Color 801 K, manufactured by Nippon Shokubai), and 0.005 % by weight of phthalocyanine dye (EX Color 802 K, 
manufactured by Nippon Shokubai), and the resulting dye dispersion was cast to form a film having a thickness of 150 
lira 

Example 2: 

40 

[0067] Using an epoxy adhesive, the f Dm formed in Example 1 was sandwiched between polymethyl methacrylate 
substrates of 1 mm thick, of which one surface was laminated with a fflm of 100 \im thick that had been prepared by 
depositing a near-infrared-absorbing and electromagnetic radiation-absorbing layer of silver complex [fTQ/(si)ver + plat- 
inumyiTO - this indicates a structure of (silver + platinum) as sandwiched between ITO (indium tin oxide)] on a trans* 
45 parent polyester. Thus was produced a nearnnfrared-absorbing panel having the structure of Fig. 1-A, and its 
characteristics were evaluated. The spectral transmittance curve of this panel is shown in Fig. 2. The near-infrared cut- 
off percentage of this panel was 97 %» and the visible ray transmittance thereof was 70 %. The panel was good. 

Example 3: 

50 

[0068] In the same manner as in Example 1 except that triacetyt cellulose (LT-35, manufactured by Paicel Chemical) 
was used as the casting polymer, a near-infrared-absorbing panel having the structure of Fig. 1-A was produced, and 
its characteristics were evaluated. The near-infrared cut-off percentage of this panel was 97 %, and the visible ray trans- - 
mittance thereof was 70 %. The panel was good. 

55 

Example 4: 

[0069] 0.005 % by weight of nickel bts-1 ,2-dphenyM ,2-ethene-drthiolate, 0.001 % by weight of phthalocyanine dye 



15 



EP0 894 620 A1 



(EX Color 801 K, manufactured by Nippon Shokubai), and 0.001 % by weight of phthalocyanine dye (EX Color 802K. 
manufactured by Nippon Shokubai) were dispersed in polymethyl methacrylate, and sheeted into a film having a thick- 
ness of 2 mm through melt extrusion. 

[0070] One surface of this film was laminated with a film (thickness: 1 00 yum) that had been prepared by depositing a 
near-infrared-absorbing and electromagnetic radiatkxvabsorbing layer of silver complex [lTO/(sflver^atirnjm)/iTO] on 
a transparent polyester. Thus was produced a near-infrared-absorbing panel having the structure of Fig. 1-C. and its 
characteristics were evaluated. The near-infrared cut-off percentage of this panel was 97 %, and the vtsfcle ray trans- 
mittance thereof was 65 %. The panel was good. 

Example 5: 

[0071] 0.005 % by weight of nickel bis- 1,2-diphenyM ,2-ethene-dithiolate, 0.02 % by weight of amihium dye of formula 
(16), 0.01 % by weight of phthalocyanine dye (EX Color 801K, manufactured by Nippon Shokubai), and 0.01 % by 
weight of phthalocyanine dye (EX Color 802K, manufactured by Nippon Shokubai) were dispersed in poty methyl meth- 
acrylate, and sheeted into a film having a thickness of 2 mm through melt extrusion. 

[0072] The film thus prepared herein, and a film (thickness: 100 jtm) that had been prepared by depositing an elec- 
tromagnetic radiation-absorbing layer of silver complex [ITO/(silver + platinumyTTO] on a transparent polyester were 
laminated On a shape-retaining layer. Thus was produced a near-irrfrared-absorbing panel having the structure of Fig. 
1 -A, and its characteristics were evaluated. The near-infrared cut-off percentage of this panel was 97 %, and the visible 
ray transinrttance thereof was 64 %. The panel was good. 

Example 6: 

[0073] 0.005 % by weight of dHmmorttum dye of formula (13) and 0.001 % by weight of phthalocyanine dye (EX color 
803K, manufactured by Nippon Shokubai) were dispersed in polymethyl methacrylate, and sheeted into a film having a 
thickness of 2 mm through melt extrusion. 

[0074] The film thus prepared herein, and a f3m (thickness: 100 >m) that had been prepared by depositing an elec- 
tromagnetic radiation-shielding layer of silver complex [(gold + sflveryiTO - this indicates a structure composed of ITO 
and (silver + platinum)] on a transparent polyester were laminated on a shape-retaining layer. Thus was produced a 
near-rnfrared-absorbing panel having the structure of Fig. 1-C, and its characteristics were evaluated. The near-infrared 
cutoff percentage of this panel was 97 %, and the visible ray transmftfance thereof was 65 %. The panel was good. 

Example 7: 

[0075] The fluorene copoly ester prepared in Example 1 was mixed with 0.1 % by weight, relative to the copolyester, 
of di-immonium compound dye of formula (13), 0.05 % by weight of nickel bis-1 ,2-diphenyl-l ,2-ethene-dithiolate and 
0.03 % by weight of phthalocyanine dye (EX Color 803K, manufactured by Nippon Shokubai) in chloroform, and the 
resulting mixture was dried at room temperature and then at 70°C to form a film having a thickness of 1 50 Jim. 
[0076] An electromagnetic radiation-shielding film of 200 )im thick that had been prepared by depositing silver com- 
plex [(gold + silver)/ITO] on a polyester film, a "non-glare" and antireflection film, and the near-infrared-absorbing f Om 
prepared herein were laminated on an acrylic sheet having a thickness of 3 mm to produce a near-infrared-absorbing 
panel having the structure of Fig. 1-A, and the characteristics of the panel were evaluated- The spectral transrnittance 
curve of this panel is shown in Fig. 3. The near-infrared cut-off percentage of this panel was 95 %, and the visfole ray 
transrnittance thereof was 60 %. The panel was good. 

Example 8: 

10077] In the same manner as in Example 7 except that 0.1 % by weight, relative to the fluorene copolyester obtained 
in Example 1, of cfi-immonium compound dye of formula (13), 0.05 % by weight of nickel bis-1 ,2-dipbenyM ,2-ethene- 
drthiolate and 0.05 % by weight of phthalocyanine dye (EX Color 803K, manufactured by Nippon Shokubai) were used, 
a near-infrared-absorbing panel was produced, and its characteristics were evaluated The near-infrared cut-off per- 
centage of this panel was 95 %. and the visWe ray transrnittance thereof was 62 %. The panel was good. 

Example 9: 

[0078] In the same manner as in Example 7 except that 0.1 5 % by weight, relative to the fluorene copolyester obtained 
in Example 1, of di-immonium compound dye of formula (13), 0.05 % by weight of nickel bis-1 ,2-diphenyM ,2-ethene- 
dithiolate and 0.03 % by weight of phthalocyanine dye (EX Color 803K, manufactured by Nippon Shokubai) were used. 
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a near-infrared-absorbing panel was produced, and its characteristics were evaluated. The near-infrared cut-off per- 
centage of this panel was 97 %, and the visible ray transrriittance thereof was 60 %. The panel was good. 

Example 10: 

5 

[0079] In the same manner as in Example 7 except that 0.1 5 % by weight, relative to the f luorene coporyester obtained 
in Example 1 , of dHmmonium compound dye of formula (1 3) and 0.05 % by weight of phthalocyanine dye (EX Color 
803K, manufactured by Nippon Shokubai) were used, a nearsrrfrared-absorbing panel was produced, and its charac- 
teristics were evaluated. The near-infrared cut-off percentage of this panel was 97 %, and the visible ray transmittance 
10 thereof was 60%. The panel was good. 

Example 11: 

[0080] In the same manner as in Example 7 except that triacetyl cellulose was used as the casting polymer and that 
is 0.1 % by weight relative to triacetyl cellulose, of cfi-immonium compound dye of formula (13), 0.05 % by weight of nickel 
bis-1 ,2-diphenyl-l ,2-ethene-dithiolate and 0.03 % by weight of phthalocyanine dye (EX Color 803 K, manufactured by 
Nippon Shokubai) were used, a near4nfrared-absorbing panel was produced, and its characteristics were evaluated. 
The near-infrared cut-off percentage of this panel was 97 %, and the vistole ray transmittance thereof was 63 %. The 
panel was good. 

20 . 

Example 12: 

[0081] In the same manner as in Example 7 except that triacetyl cellulose was used as the casting polymer and that 
0. 1 % by weight, relative to triacetyl cellulose, of di-immonium compound dye of formula (13), 0.05 % by weight of nickel 
25 bis-1 ^-diphenyl-1^-ethene-o1thiolale and 0.05 % by weight of phthalocyanine dye (EX Color 803 K, manufactured by 
Nippon Shokubai) were used, a near-infrared-absorbing panel was produced, and its characteristics were evaluated. 
The near-infrared cut-off percentage of this panel was 97 %, and the visible ray transmittance thereof was 60 %. The 
panel was good. 

30 Example 13: 

[0082] In the same manner as in Example 7 except that triacetyl cellulose was used as the casting polymer and that 
0.15 % by weight, relative to triacetyl cellulose, of cS-immonium compound dye of formulia (13), 0.05 % by weight of 
nickel bis-1 ,2Hjiphenyt-1 ,2-ethene-dithiolate and 0.03 % by weight of phthalocyanine dye (EX Color 803K, manufac- 
35 tured by Nippon Shokubai) were used, a near-infrared-absorbing panel was produced, arid its characteristics were eval- 
uated. The near-infrared cut-off percentage of this panel was 97 %, and the visible ray transmittance thereof was 63 %. 
The panel was good. 

Example 14: 

40 

[0083] In the same manner as in Example 7 except that triacetyl cellulose was used as the casting polymer and that 
0.15 % by weight relative to triacetyl cellulose, of di-immonium compound dye of formula (13) and 0.05 % by weight of 
phthalocyanine dye (EX Color 803 K, manufactured by Nippon Shokubai) were used, a near-irrfrared-absorbing panel 
was produced, and its characteristics were evaluated. The near-infrared cut-off percentage of this panel was 95 %, and 
45 the visible ray trarismittance thereof was 60 %. The panel was good. 

Example 15: 

[0084] In the f luorene coporyester that had been prepared in Example 1. dispersed were 0.225% by weight relative 
so to the copotyester, of dHmrnonrum dye of formula (13), 0.075 % by weight of nickel bis-1 ,2-tfpbenyM ,2-ethene-dithi- 
olate and 0.045 % by weight of phthalocyanine dye (EX Color 803 K, manufactured by Nippon Shokubai) , and an adhe- 
sive polyester film (manufactured by Dia Foil) was coated with the resulting dispersion and dried. The resulting fUm had 
a thickness of 50 juru 

[0085] Apart from the film of 50 pm thick prepared above, further prepared were an electromagnetic radiation- shield- 
55 ing film (thickness: 50 pm) having a deposit layer of silver complex [IDIXO (manufactured by kJemitsu K6san)/sfl- 
ver/IDIXO - this indicates a structure of silver as sandwiched between IDIXO] formed on a polyester film, and an 
anti reflection fflm, and a shape-retaining substrate of glass having a thickness of 3 mm. Next the electromagnetic radi- 
ation-shielding film was attached onto the both surfaces of the shape-retaining substrate in such a manner that elec- 
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trodes could be mounted on the resulting laminate, and the near4nfrared-absorbing film prepared herein was further 
attached onto one surface of the laminate. Finally, the antiref lection film was attached onto the both surfaces of the lam- 
inate. Thus was produced a near-infrared-absorbing, electromagnetic radiation-shielding panel having the structure of 
Fig. 1 -A, and its characteristics were evaluated. The spectral transrnittance curve erf this panel is shown in Fig. 4. The 
near-infrared cut-off percentage of this panel was 97 %, and the vtsfole ray transrnittance thereof was 60%. The panel 
was good. 

Example 16: 

I00B6] In the same manner as in Example 15 except that a polymethyl methacrylate sheet having a thickness of 3 
mm was used as the shape-retaining substrate, a near-infrared-absorbing, electromagnetic radiation-shielding panel 
was produced. The near-infrared cut-off percentage of this panel was 97 %, and the visible ray transrnittance thereof 
was 60 %. The panel was good. 

Example 17: 

[0087] In the same manner as in Example 15 except that a polycarbonate sheet having a thickness of 3 mm was used 
as the shape-retaining substrate, a near-irrfrared-absorbing, electromagnetic radiatior^shielding panel was produced. 
The near-infrared cut-off percentage of this panel was 97 %, and the visfcle ray transrnittance thereof was 60 %. The 
panel was good. 

Example 18: 

[0088] In the same manner as in Example 1 5 except that 02 % by weight, relative to the f luorene copolyester obtained 
in Example 1, of nickel bis-1,2-diphenyH.2-etheneKlithtolate and 0.08 % by weight of phthalocyanine dye (EX Color 
803K, manufactured by Nippon Shokubai) were used, a near-infrared-absorbing, electromagnetic radiation-shielding 
panel was produced, and its characteristics were evaluated. The near-infrared cut-off percentage of this panel was 97 
%, and the visfcle ray transrnittance thereof was 60 %. The panel was good. 

Example 19: 

[0089] In the same manner as in Example 14 except that butyral resin (Denka Butyral 6000E, manufactured by Nippon 
Denka Kbgyo) was used as the transparent polymer resin for the near-irrfrared-absorbing film and that methyl ethyl 
ketone was used as the solvent for dispersing the resin and the dyes, a near-infrared-absorbing, electromagnetic radi- 
ation-shielding panel was produced. The near-infrared cut-off percentage of this panel was 97 %, and the visible ray 
transrnittance thereof was 60 %. The panel was good 

Example 20: 

[0090] In the f luorene copolyester that had been prepared in Example 1 , dispersed were 0.45 % by weight, relative 
to the copolyester, of cfHrnmoniumdye of formula (13), 0.12 %by weigtt of nicM 

and 0.06 % by weight of phthalocyanine dye (EX Color 803 K, manufactured by Nippon Shokubai). An adhesive polyes- 
ter film substrate (M100, manufactured by Toyobo) was coated with the resulting dispersion, arid dried. Thus was pro- 
duced a near-infrared-absorbing filter, which had a coat layer of 50 jim thick. The spectral transrnittance curve of this 
filter is shown in Fig. 5. The near-infrared cut-off percentage of this filter was 97 %, and the visible ray transrnittance 
thereof was 60 %. the filter was good 

Example 21: 

[0091] In the same manner as in Example 20 except that triacetyl cellulose was used as the resin arid a mixture of 
methylene chloride/rnethanol of 9/1 by weight was used as the solvent, a near-irrfrared-absorbing filter was produced. 
The near-infrared cut-off percentage of this filter was 97 %, and the visible ray transrnittance thereof was 60 %. The filter 
was good. 

Example 22: 

[0092] In the same manner as in Example 20 except that 0.40 % by weight, relative to the f luorene copolyester 
obtained in Example 1, of di-imrnontum dye of formula (13), 0.10 % by weight of nickel bis-1 ,2-tfiphenyM ,2-ethene- 
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cfithbiate and 0.05 % by weight of phthalocyanine dye (EX Color 803K, manufactured by Nippon Shokubai) were used, 
a near-infrared-absorbing filter was produced. The near-infrared cut-off percentage of this filter was 97 %, and the vis- 
ible ray transmrttahce thereof was 60 %^ the filter was good. 

♦ * 

Example 23: 

[0093] In the same manner as in Example 20 except that 0.50 % by weight, relative to the f luorene copolyester 
obtained in Example i, of dHmmonium dye of formula (13), 0.15 % by weight of nickel bis-1 ,2-diphenyl-l ,2-ethene- 
dithiolate and 0.08 % by weight of phthalocyanine dye (EX Color 803K. manufactured by Nippon Shokubai) were used, 
a rmar-infrared-absoitoing filter was produced. The near-infrared cut-off percentage of this filter was 97 %, and the vis- 
ible ray transmhtance thereof was 60 %. Trie filter was good. 

Example 24: 

[0094] The f luorene copolyester that had been prepared in Example 1 was mixed with 0.6 % by weight, relative to the 
copoly ester, of nickel bis-1 ,2-diphenyl-1,2-ethene-dithiolate, 0.1 % by weight of phthalocyanine dye (EX Color 801 K, 
manufactured by Nippon Shokubai) and 0.1 % by weight of phthalocyanine dye (EX Color 803 K. manufactured by Nip- 
pon Shokubai), and dispersed in methylene chloride. An adhesive polyester film (A4100 of 0.125 mm thick, manufac- 
tured by Toyobo) was coated with the resulting dispersion, and dried at 120°C. The resulting film had a near-infrared- 
absorbing layer of 0.01 mm truck formed thereon. 

[0095] The thus-prepared, near-infrared-absorbing film was laminated on a transparent conductive glass sheet having 
a near-infrared-reflecting layer thereon. The glass sheet had a multi-layered structure of zinc oxide/silver/zinc coddefeil- 
ver/zinc oxide, in which the silver thickness per one layer was 130 A. Thus was produced a near-infrared-shieJding 
panel having the structure of Fig. 1-B. The spectral fr admittance curve of this panel is shown in Fig. 6. The near-infra- 
red cut-off percentage of this panel was 97 %, and the visible ray transmittance thereof was 63 %. The panel was good. 

Example 25: 

[0096] The f luorene copolyester that had been prepared in Example 1 was mixed with 1 .0 % by weight relative to the 
copolyester, of nickel bis-1 ,2<Tqphenyl-1 ,2-ethene-dithiolate, 0.2 % by weight of phthalocyanine dye (EX Color 801 K, 
manufactured by Nippon Shokubai), 0.3 % by weight of phthalocyanine dye (EX Color 803K, manufactured by Nippon 
Shokubai) and 2.3 % by weight of cfi-irnrnoriium dye of formula (13), and dispersed in methylene chloride. An adhesive 
polyester film (A4100 of 0.125 mm thick, manufactured by Toyobo) was coated with the resulting dispersion, and dried 
at 120°C The resulting film had a near-infrared-absorbing layer of 0.01 mm thick formed thereon. 
[0097] The thus-prepared, near-infrared-absorbing film, and a transparent conductive film having a near-infrared- 
reflecting layer (IDIXO, manufactured by Idemitsu Kosan) on a shape-retaining layer of an acrylic sheet having a thick- 
ness of 3 mm Thus was produced a near-infrared-shielding panel having the structure of Fig. 1-A. The spectral trans- 
mittance curve of this panel is shown in Fig. 7. The near-infrared cut-off percentage of this panel was 97 %, and the 
visible ray transmittance thereof was 60 %. The panel was good. 

Comparative Example 1: 

[0098] The f luorene copolyester that had been prepared in Example 1 was dispersed in methylene chloride along with 
5.5 % by weight, relative to the copolyester, of nickel bis-1 ,2-diphenyM ,2-ethene-dithiolate prepared in Example t, and 
1.5% by weight of phthalocyanine dye (EX Color 803 K, manufactured by Nippon Shokubai). An adhesive polyester film 
(A41 00 of 0.125 mm thick, manufactured by Toyobo) was coated with the resulting dispersion, and dried at 120°C The 
resulting film had a near-infrared-absorbing layer of 0.01 mm thick formed thereon. The spectral transmittance curve, 
G, of this f Bm is shown in Fig. 8. The flm had a high near-infrared cut-off percentage of 98%, but had a low visible ray 
transmittance of 25 %. Therefore, the film was not good. 

Comparative Example 2: 

[0099] The f luorene copolyester that had been prepared in Example 1 was dispersed in methylene chloride along with 
0.05 % by weight, relative to the copolyester, of nickel bis-1 ,2-dqphenyl-1 ,2-ethene-dthioJate prepared "m Example 1. 
0.01 % by weight of phthalocyanine dye (EX Color 801 K, manufactured by Nippon Shokubai) and 0.01 % by weight of 
phthalocyanine dye (EX Color 803K, manufactured by Nippon Shokubai). An adhesive polyester film (A4100 of 0.125 
mm thick, manufactured by Toyobo) was coated with the resulting dispersion, and dried at 1 20°C. The resulting film had 
a near-infrared-absorbing layer of 0.01 mm thick formed thereon. The spectral transmittance curve, H, of this film is 
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shewn in Rg. 8. The fflm had a high visible ray transmittance of 85 %, but had a low near-infrared cut-off percentage of 
55 %. Therefore, the film was not good. 

Comparative Example 3: 

5 ■ 

[01 00] The fluorene copofy ester that had been prepared in Example 1 was mixed with 2.0 % by weight, relative to the 
coporyester, of nickel bis-1 ,2-diphenyM ,2-ethene-tf thiolate prepared in Example 1 , 1.5 % by weight of phthalocyanine 
dye (EX Color 803K, manufactured by Nippon Shokubai) and 4.0 % by weight of dnrnrnonium dye of formula (1 3), and 
dispersed in methylene chloride. An adhesive polyester film (A4100 of 0.125 mm thick, manufactured by Toyobo) was 

w coated with the resulting dispersion, and dried at 1 20*C. The resulting film had a near-infrared-absorbing layer of 0.01 
mm thick formed thereon. The spectral transmrttance curve, I, of this film is shown in Fig. 8. The fflm had a high near- 
infrared cut-off percentage of 98 %, but had a low visible ray transmittance of 40%. Therefore, the film was not good. 

* 

Comparative Example 4: 

15 

[0101] The fluorene coporyester that had been prepared in Example 1 was mixed with 0.05 % by weight, relative to 
the coporyester, of nickel bis-1 ^-cfiphenyH ,2-ethene<Jithio!ate prepared in Example 1 , 0.01 % by weight of phthalocy- 
anine dye (EX Color 803K, manufactured by Nippon Shokubai) and 0.05 % by weight of dhimrnonium dye of formula 
(13). An adhesive polyester film (A41 00 erf 0.125 mm thick, manufactured by Toyobo KK) was coated with the resulting 
20 dispersion, and dried at 120*0. The resulting film had a near-infrared-absorbing layer of 0.01 mm thick formed thereon; 
The spectral transmittance curve, J, of this film is shewn in Fig. 8. The film had a high visible ray transmittance of 82 %, 
but had a lew near-infrared cut-off percentage of 70 %. Therefore, the film was not good. The data obtained herein- 
above are summarized in the following Table 1 . 
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INDUSTRIAL APPLICABILITY 

[0102] As has been descrfoed in detail hereinabove, the present invention provides a single-layered or multi-layered, 
near-infrared-absorbing film or a multi-layered nearnnfrared-absorbing pane), which comprises an absorbing layer of a 
hear-infrared-absorbing dye as dispersed in a transparent polymer material. The film, and panel absorb near-infrared 
rays as emitted by image ouiput devices such as plasma displays, lighting appliances or the like so as to cut off the pen- 
etration of the rays through the film, thereby preventing rermrte-corrtrol infrared communication ports that employ the 
rays falling within an infrared range for communication from malfunctioning and even preventing the appliances to be 
controlled by those remote-control devices from malfunctioning. In addition, they are used for detecting forged cash 
cards, ID cards, etc. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[01 03] Fig. 1 shows some embodiments of the structure of the near-infrared-absorbing f ilm or panel of the invention; 
Fig. 2 shows the spectral transmittance curve of the panel of Example 2; Fig. 3 shows the spectral transmittance curve 
of the panel of Example 7; Fig. 4 shows the spectral transmittance curve of the panel of Example 1 5; Fig. 5 shows the 
spectral transrrittance curve of the filter of Example 20; Fig. 6 shows the spectral transmittance curve of the panel of 
Example 24; Fig. 7 shows the spectral fransmittarrceajrveof thep 
mittance curves of the f3ms of Ctornparative Examples 1 to 4. 

Claims 

1. A multi-layered, riear-infrared-absorbing film or panel, which comprises an absorbing layer of a near-infrared- 
absorbing dye as dispersed in a transparent polymer resin. 

2. A nearnnfrared-absofbing film, which is formed from a uniform solution of a near-infrared-absorbing dye and a pol- 
ymer resin in a solvent in a casting method or a coating method, or from a melt mixture of the dye and the polymer 
resin in a melt extrusion method, or from a uniform mixture of a near-infrared-absorbing dye and a monomer in a 
polymerization method of polymerizing and solidifying it 
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3. The multi-layered, neaMrrfrared-absorbing film or panel as claimed in claim 1, wherein the absorbing layer is a 
transparent plastic film as formed through vapor deposition of a near-infrared-absorbing dye along with a metal, a 
metal oxide or a metal salt. 

s 4. The multi-layered, near-infrared-absorbing film or panel as claimed in claim 1 , wherein the absorbing layer is a lam- 
inate composed of plural layers of at least one or more selected from the films of claim 2 or 3. 

5. The multi-layered, near-infrared-absorbing film or panel as claimed in clam 1, 3 or 4, which comprises the near- 
infrared-absorbing f3m of claim 2 and at least one of an electromagnetic radiatton-absorbing layer, an antiref lection 

10 layer, a shape-retaining layer and an uttravidet-absoit>ing layer. 

6. The multi-layered, near-infrared-absorbing film or panel as claimed in claim 1 , 3, 4 or 5, of which the fight transmit- 
tance profile is such that the visible ray transmittance is not lower than 55 % and the near-infrared ray transmittance 
is not higher than 5%, when the near-infrared-absorbing film of claim 1 is laminated with a radiation-resistant glass 

is sheet capable of reflecting heat radiations. 

7. A near-infrared-absorbing film comprising a near-irrfrared-absorbing dye, wherein the dye is a mixture of at least 
one or more selected from prrthalocyanine-metal complexes, aromatic cfithiohnetal complexes of the following gen- 
eral formula (1), and aromatic cfi-immonium compounds of the following general formulae (2) and (3): 

20 
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30 

wherein RD 1 and RDg each represents an alkylene group having from 1 to 4 carbon atoms, an aryl group, an aralkyl 
group, a fluorine atom or a hydrogen atom; and M represents a tetradentate transition metal: 
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50 



wherein RD 5 to RD 18 each represent an alkyl group having from 1 to 1 0 carbon atoms; and X represents a mono- 
valent or divalent anion, which is a counter-ion for neutralizing the ionized compound: 
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15 




wherein RD 5 to RD 18 each represent an alkyl group having from 1 to 10 carbon atoms; and X represents a mono- 
20 vaJent or cffvalent anion, which is a counter-ion for neutralizing the ionization. 

8. The near-infrared-absorbing film as claimed in claim 7, for which the near-irrfrared-absorbing dye is uniformly mixed 
with a polymer resin in a solvent, the polymer resin being a polyester resin as copolymerized with at least 10 mol% 
or more of at least one selected from aromatic diols of general formulae (4) to (9): 

25 



30 




35 wherein Rj represents an aJJcylene group having from 2 to 4 carbon atoms; R2, R3. R4 and R 5 each represent a 
hydrogen atom, or an alkyl, aryl or aralkyl group having from 1 to 7 carbon atoms, and these may be the same or 
different: 



40 



45 




(Rn)k 

so wherein Rg represents an alkylene group having from 1 to 4 carbon atoms; R7, R9, R 10 and R 11 each represent, 
a hydrogen atom, or an alkyl, aryl or araJky! group having from 1 to 7 carbon atoms, and these may be the same or 
different; and k represents a natural number of from 1 to 4: 
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hor 12 -chQ~ 



R 



14 




(6) 



15 



20 



wherein R 12 represents an alkylene group having from 1 to 4 caibon atoms; R 13> R 14 , R 15 and R 16 each represent 
a hydrogen atom, or an alkyt, aryt or aralkyt group having from 1 to 7 carbon atoms, and these may he the same or 
different: 



HOH ftrf 26)m 



(7) 



25 



wherein R 17 and R 18 each represent an alkylene group having from 1 to 4 carbon atoms, and these may be the 
same or different; R 19 and R20 each represent a hydrogen atom, or an alkyl, aryi or aralkyl group having from 1 to 
7 carbon atoms, and these may be the same or different; and I and m each represent a natural number of from 1 
to 8: 
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?26 ^24 




R 2n OH 



(R 27 )n 



(8) 



40 



wherein R 2 1 represents an alkylene group having from 1 to 4 carbon atoms; R22. R23, R2* Ffes. R 2 e and R27 each 
represent a hydrogen atom, or an alkyt, aryi or aralkyl group having from 1 to 7 carbon atoms, and these may be 
the same or Afferent; and n represents a natural number of from 0 to 5: 
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HOR 28 — O 




-R 25 OH 



191 



55 



wherein R28 represents an alkylene group having from t to 4 carbon atoms; R29 and R^ each represent an alkyl 
group having from 1 to 10 carbon atoms, and these may be the same or different; R31, R32, R33 and R34 each rep- 
resent a hydrogen atom, or an alkyl, aryi or aralkyl group having from 1 to 7 carbon atoms, and these may be the 
same or different 



9. The near-infrared-absorbing film as claimed in claim 7 or 8, which is formed in the polymerization method of claim 

2. 



25 



EP0894G20A1 

10. The multi-layered, near-infrared-absorbing film or panel as claimed in claim 1, 3 or 6, which comprises the film of 
claims 7, 8 or 9. 



5 



JO 



15 
20 



25 



30 



35 



40 



45 



50 

■ ... 



26 



EP0 894 620A1 



Fig. 1 
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Fig- 2 
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Fig. 4 
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Fig. 5 
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Fig. 6 




EP 0 834 620 A1 



Fig, 7 
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Fig- 8 
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